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The Impact of Land Use Patterns on Land Degradation  
in The Northern Part of Sharg Al-Nile, Khartoum State  
Safa Mustafa Khiralla 
 
Abstract 
The Study addressed some land use patterns in Khartoum State that face 
many management problems, which resulted in land degradation/ 
desertification. 
The study was carried out to find the impact of land use system in some 
private farms located in northern part of Sharg Al-Nile, Khartoum State. 
Some (bio-physical) land degradation indicators were used in order to assess 
the current performance status of these farms. 
Soil samples were collected from five farms using auger, from three depths 
(0-30, 30-60, 60-90 cm) .Also samples of water were collected from the 
wells constructed in the farms for irrigation and drinking purposes. In 
addition, water sample was collected from irrigation canal of Elseliet 
scheme. 
There was significant difference (P≤ 0.05) in most soil characteristics in the 
study area.  The applied irrigation system led to secondary salinization in 
soil. It was found that farm (5) was strongly saline with an ECe value of 
8.86dS/m and the alowest SAR value of 1.8 dS/m. Also farm (2) was 
moderately saline with value of ECe 15.16 dS/m and a high value of SAR 59 
dS/m. 
The finding of mechanical, chemical and biological analysis of soil, water, 
land productivity and plant survey confirmed the physical and chemical 
deterioration of the current status of land in the study area. 
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The study showed that the main causes of land degradation are climatic 
factors and human activities that led to sand encroachment and reduction of 
vegetation cover and organic matter in soil. 
Analysis has proved that the water in study areas is suitable for drinking and 
conforming to standard specification of the World Health Organization. 
The out come of obtained findings confirmed that proper land use planning 
system could improve in the area conditions e.g. water harvesting, 
improvement of soil fertility and planting of wind breaks and shelter belts. 
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 ﺑﺴﻢ اﷲ اﻟﺮﺣﻤﻦ اﻟﺮﺣﻴﻢ
 
    أﺛﺮأﻧﻤﺎط اﺳﺘﺨﺪام اﻷرض ﻋﻠﻲ ﺗﺮدي اﻷرض ﻓﻲ اﻟﺠﺰء اﻟﺸﻤﺎﻟﻲ ﻣﻦ ﺷﺮق اﻟﻨﻴﻞ وﻻﻳﺔ اﻟﺨﺮﻃﻮم
                                                                                            ﺻﻔﺎء ﻣﺼﻄﻔﻲ ﺧﻴﺮاﷲ 
                                                                                      
                                                                                                          اﻟُﻤﺴﺘﺨﻠﺺ
 ﻣﺸﺎآﻞ  ﻋﺪةﻲ ﺗﻮاﺟﻪ اﻟﺨﺮﻃﻮم اﻟﺘ وﻻﻳﺔ ﺿﻲ ﻓﻲاﺗﻄﺮﻗﺖ اﻟﺪراﺳﺔ ﻟﺒﻌﺾ أﻧﻤﺎط اﺳﺘﺨﺪاﻣﺎت اﻷر
.                                                                                               ﺗﺪهﻮراﻷرض/ أدارﻳﺔ ﻣﻤﺎادي اﻟﻲ اﻟﺘﺼﺤﺮ
م اﻷراﺿﻲ ﻓﻲ ﻣﺰارع ﺧﺎﺻﺔ ﺗﻘﻊ ﻓﻲ اﻟﺠﺰء اﻟﺸﻤﺎﻟﻲ ﻣﻦ ﺮ ﻧﻈﺎم اﺳﺘﺨﺪاﻴﺄﺛﺗ اﻟﺪراﺳﺔ ﻟﻤﻌﺮﻓﺔ أﺟﺮﻳﺖ
 .ﻣﺤﻠﻴﺔ ﺷﺮق اﻟﻨﻴﻞ وﻻﻳﺔ اﻟﺨﺮﻃﻮم
ﻣﻦ أﺟﻞ ﺗﻘﺪﻳﺮاﻟﺤﺎﻟﻪ اﻟﺮاهﻨﺔ  ﻻداء ﺗﻠﻚ اﻟﻤﺰارع ( اﻟﻔﻴﺰوﺑﻴﻠﻮﺟﻴﺔ)اﺳﺘﺨﺪﻣﺖ ﺑﻌﺾ ﻣﺆﺷﺮات اﻟﺘﺼﺤﺮ
  .              اﻟﺨﺎﺻﺔ
 ﺳﻢ     03-0ﻤﺎق  ﻣﻦ ﺛﻼث اﻋﺎﺳﺘﺨﺪام اﻟﺒﺮﻳﻤﺔ ﻋﻴﻨﺎت ﻣﻦ اﻟﺘﺮﺑﺔ ﻣﻦ ﺧﻤﺴﺔ ﻣﺰارع ﺧﺎﺻﺔ ﺑﺖﻤﻌُﺟ
ﺖ ﻓﻰ هﺬﻩ اﻟﻤﺰارع ﺑﻐﺮض اﻟﺮي ﺬت ﻋﻴﻨﻪ ﻣﻦ ﻣﻴﺎﻩ اﻵﺑﺎر اﻟﺘﻲ أﻧﺸﺌﺳﻢ وآﺬﻟﻚ أﺧ 09-06 ﺳﻢ 06-03
               واﻟﺸﺮب وأﻳﻀﺎ أﺧﺬت ﻋﻴﻨﻪ ﻣﻦ ﻣﻴﺎة اﻟﺘﺮﻋﺔ اﻟﺘﻲ ﺗﺮوي ﻣﻨﻬﺎ ﺑﻌﺾ اﻟﻤﺰارع ﺑﺎﻹﺿﺎﻓﺔإﻟﻰ ﻋﻴﻨﺔ ﻣﻦ 
              .ﻣﻴﺎﻩ اﻟﺘﺮﻋﺔ اﻟﺘﻲ ﺗﺘﺒﻊ ﻟﻤﺸﺮوع اﻟﺴﻠﻴﺖ اﻟﺰراﻋﻲ
أن ﻧﻈﺎم و ﺑﻤﻨﻄﻘﺔ اﻟﺪراﺳﺔ آﻤﺎ  ﺮﺑﺔ  ﻓﻲ ﻣﻌﻈﻢ ﺧﺼﺎﺋﺺ اﻟﺘﺔ ﻣﻌﻨﻮﻳﻗًﺎو أن هﻨﺎﻟﻚ ﻓﺮﺖ اﻟﻨﺘﺎﺋﺞأوﺿﺤ
 )5(اﻟﻜﻬﺮﺑﻲ ﻓﻲ ﻣﺰرﻋﺔ  ﻗﻴﻤﺔ اﻟﺘﻮﺻﻴﻞ ﺣﻴُﺚ آﺎﻧﺖ. اﻟﺮي اﻟﻤﻄﺒﻖ أدى ﻟﺤﺪوث ﺗﻤﻠﺢ ﺛﺎﻧﻮي ﺑﺎﻟﺘﺮﺑﺔ
 61.51 ﻓﻜﺎﻧﺖ ﻗﻴﻤﺔ اﻟﺘﻮﺻﻴﻞ اﻟﻜﻬﺮﺑﻲ )2( أﻣﺎ ﻓﻲ ﻣﺰرﻋﺔ 8.1 وﻗﻴﻤﺔ اﻟﺼﻮدﻳﻮم اﻟﻤﺪﻣﺺ68.8
اﻟﺬي ﻳﺆدي إﻟﻲ زﻳﺎدة  وهﺬا ﻳﻌﻜﺲ ﻧﻈﺎم اﻟﺮي ﻏﻴﺮاﻟﻤﻼﺋﻢ 95 ﻟﻠﺼﻮدﻳﻮم اﻟﻤﺪﻣﺺﻗﻴﻤﺔوﺳﺠﻠﺖ أﻋﻠﻲ 
  آﻤﻴﺔ اﻻﻣﻼح
ﻧﻴﻜﻲ واﻟﻜﻴﻤﻴﺎﺋﻲ واﻹﺣﻴﺎﺋﻲ وﺗﺤﻠﻴﻞ اﻟﻤﻴﺎﻩ وإﻧﺘﺎﺟﻴﺔ اﻷرض واﻟﻤﺴﺢ ﺎ ﻣﻌﻄﻴﺎت ﺗﺤﻠﻴﻞ اﻟﺘﺮﺑﺔ اﻟﻤﻜ
  .ﻲ ﻓﻲ اﻟﺘﺮﺑﺔ وﻓﻴﺰﻳﺎﺋ اآﺪ وﺟﻮد ﺗﺪهﻮرًا آﻴﻤﻴﺎﺋًﻲاﻟﻨﺒﺎﺗﻲ ﻟﻤﻨﻄﻘﺔ اﻟﺪراﺳﺔ
 أن ﻋﻮاﻣﻞ اﻟﻤﻨﺎخ وﻧﺸﺎﻃﺎت اﻻﻧﺴﺎن هﻲ ﻋﻮاﻣﻞ رﺋﺴﻴﺔ ﻟﻠﺘﺪهﻮر اﻟﺒﻴﺌﻲ ﺑﻤﻨﻄﻘﺔآﻤﺎ اﺗﻀﺢ 
 IV
 
  .     ﺗﺪهﻮر ﻓﻲ اﻟﻤﺎدة اﻟﻌﻀﻮﻳﺔ ﻓﻲ اﻟﺘﺮﺑﺔﻠﺰﺣﻒ اﻟﺼﺤﺮاوي ﻓﻲ اﻟﻤﻨﻄﻘﺔ وﺣﺪوثاﻟﺪراﺳﺔ ﻣﻤﺎ أدي ﻟ
ﺑﺮهﻦ اﻟﺘﺤﻠﻴﻞ أن اﻟﻤﻴﺎة ﻓﻲ اﻟﻤﻨﻄﻘﺔ ﺻﺎﻟﺤﺔ ﻟﻠﺸﺮب وﻣﻄﺎﺑﻘﺔ ﻟﻤﻮاﺻﻔﺎت وﻣﻘﺎﻳﺲ ﻣﻨﻈﻤﺔ اﻟﺼﺤﺔ 
  .   اﻟﻌﺎﻟﻤﻴﺔ 
 ﻤﻼﺋﻢ ﻳﺆدي ﻟﺘﺤﺴﻴﻦ ﺣﺎﻟﺔ اﻟﻤﻨﻄﻘﺔ ﻧﻈﺎم اﺳﺘﺨﺪام اﻻراﺿﻲ اﻟان اﺗﺒﺎع  اﻟﻨﺘﺎﺋﺞ اﻟُﻤﺴﺘﺨﻠﺼﺔأآﺪت 
  .زراﻋﺔ ﻣﺼﺪات رﻳﺎح واﺣﺰﻣﺔ ﺷﺠﺮﻳﺔ،ﺔﺗﺤﺴﻴﻦ ﺧﺼﻮﺑﺔ اﻟﺘﺮﺑ،ﺣﺼﺎد ﻣﻴﺎة اﻷﻣﻄﺎر :وﻳﺸﻤﻞ اﻟﻨﻈﺎم 
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Chapter One 
INTRODUCTION 
Desertification is one of the serionm problems for resources management 
that facing and interaction of physical, chemical, ecological and 
socioeconomic dimension.  The reduction of occurs by one or more of the 
following desertification process, water erosion, wind erosion, vegetation 
degradation, Salinization, sodication, loss of organic matter, crusting, 
compaction and accumulation of toxic substance in soil. 
Desertification is truly a global problem, the world has become aware of it 
and tried to solve it by adopting a plan of action 1977 to combat 
desertification and mitigate drought effects in the affected countries, 
especially in Africa (DECARP,1976a).  
Dry land in Sudan is confined between latitude 12˚ N and 18˚ N under 
different climatic zones: hyper arid, arid semi – arid and any sub humid. 
(Fadul, and Gani, 2000)  
The suitable land use pattern could increase land productivity, unsuitable 
land use pattern will lead to land degradation / desertification as stipulated 
by UNCCD. 1994.  This study is an attempt to highlight land use systems in 
privet farms in the Northern part of Sharg Al-Nile, Khartoum state. 
Khartoum State was identified as one of the thirteen states affected by 
desertification (Salih, 1996). However, the increased population pressures in 
arid and semi arid lands of Sudan, in which northern part of the eastern Nile 
State is no exception  and needs  the adoption of national environmental 
conservation measures for rehabilitation of the degraded arable  lands for the 
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augmentation of food and pasture production for the benefit of rural poor.  
Sudan has collaborated with and contributed to the international efforts to 
combat desertification through the elaboration of the United Nations 
Convention to Combat Desertification (UNCCD) and the preparation of the 
National Action Program for combating desertification (NAP). 
Soils are vary in their resilience to these forms of degradation depending on 
characteristics such as slope, soil texture, climate and cropping pattern, some 
aspects of land degradation are less easily reversed than other thus terrain de 
formation by gully erosion, or total top soil loss from erosion or the wiping 
out of native soil fauna is more irreversible than a negative nutrient balance, 
or surface sealing and crusting.  
This study is a mining to identify the impact of land use pattern on 
desertification \land degradation. 
 
Objective:- 
 The objectives of the study are the following:                                                  
To Assess of agricultural practices in the farms of the northern part                           
of Sharg Al-Nile ,Khartoum State                                                                                           
To assess the performance of private farms with regard to land use types.    
To specify the suitability of the available water resources in area for 
irrigation and drinking purposes.                                                                                           
To suggest some suitable conservation measures for enhacing land 
productivity and sustainable development. 
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Chapter Tow 
Literature review 
Introduction: . 
 According to the internationally negotiated and adopted definition in United 
Nation Conference on Environment and Development UNCED, (1992) held 
in Rio-de Janeiro, desertification is defined as "land degradation in arid, 
semi arid and dry sub-humid areas resulting from various factors including 
climatic variations and human activities "(Lean,1995). 
Desertification and Drought are indeed the most important phenomena of 
our tim as amather fact ,more than any other phenomenon , desertification 
and drought left their long – lasting imprints on the natural habitat ,the 
means of livelihood and soci-economic in African countries ,the seene of 
acute environmental streess. (Salih,2007) 
(Baumen and Tahara,1979) reported that the desert encroachment in Sudan 
is mainly man made phenomenon caused by the misuse of land.  The 
cultivation of marginal lands was assumed to be one of the main causes of 
land degradation /desertification.  
Dry land degradation maybe triggered by global climatic change and/or 
human mismanagement, While the former may result in more frequent 
drought events , the latter is mainly caused by inappropriate land use .Both 
may include changes in surface soil properties ,there by affecting the type 
and density of the vegetation(Olsson ,1981) 
4 
 
Several factors and natural events, in addition to human activities have 
accelerated the natural resources deterioration, triggered land degradation 
and caused declined productivity in major agricultural production system. 
The excessive use of resources, particularly the uncontrolled and irrational 
expansion of agriculture at the expense of natural vegetation in marginal 
area exacerbated land degradation. The occurrence of recurrent droughts in 
the past few decades has augmented this undesirable trend and accelerated 
the rate of desertification that resulted in the negative impact of poverty, 
which led to over exploitation of natural resources, beside the lack of 
appropriate policies to ensure sustainable management of natural resources. 
These conditions have been worsened by the lack of suitable legislation to 
support the conservation and rational use of the resources. The limited 
enforcement of sectoral laws that exist, stressed the urgent need to review 
and streamline natural resources regulations to ensure their complementarily 
and to avoid contradictions (AOAD, 2002). 
2.1.1   Land degradation in the world 
The United Nations Environment Program (UNEP, 1977) studies explained 
that lands cover 14.9 billion hectares of the earth's surfaces.  6 billion 
hectares are dry land of which 1 billion hectares are naturally hyper -raid  
moreover, considerable parts of the dry lands are either desert or being 
threatened by desertification, furthermore one quarter of the world 
population inhabit in the dry lands and depends on this area for their 
livelihood.( Koohafkan,1996) stated that, desertification effects about two-
thirds of the world countries, and one-third of the earth's surface, on which 
one billion people live i.e. one-fifth of the world population.  accumulation 
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of excess salts in the root zone resulting in partial or complete loss of soil 
productivity is a world wide phenomenon.  The problems of the soil salinity 
are most widespread in the arid and semi-arid regions, where evaporation 
potential is high and rainfall is not sufficient to leach the salts from the soils, 
but salt affected soil also occur extensively in sub-humid and humid climates 
(FAO, 1988). The most serious salinity problems are being faced in the 
irrigation of arid and semi-arid zone of the world and it is in these very 
regions that irrigation is essential to increase agricultural production to 
satisfy food requirements.  Both salinization and sodication have been 
identified as processes of Desertification, affecting the physical and 
chemical properties of the soil, which drastically reduce plant growth and 
eventually lead to desertification (FAO, UNEP, 1984).  Nearly 10% of the 
world's total land is estimated to be significantly affected by salts; limiting 
it’s utilization for crop production in at least 75 countries.  About 30% of the 
irrigation land in the world is seriously affected by salt, decreasing it’s 
productivity, and threatening the economy of many of the arid countries, 
such as Egypt, Iran and Pakistan (Rhode, 1990). 
2.1.2 Land degradation in the Sudan 
The first serious sign of soil degradation in the Sudan was reported by 
(Cooke, 1944).  He reported that, rapid deterioration of soil and vegetation 
were occurring in parts of the Red Sea Hills, which was considered as a 
warning that such problems might be developing elsewhere, particularly 
around town peripheries and settlement areas in Kordofan and Darfur 
regions.  The Ministry of Agriculture in its plan to combat desertification in 
Sudan reported that the affected areas in Sudan have been divided into five 
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treatment zones.  The total areas to be treated in the five zones are estimated 
to be 525.000 km2 (DECARP, 1976). 
The study carried out by the NDDU in 1995 reported that 1.259.743 km2 
(50.4%) of the total area of the Sudan (2.492.360 km2), are subject to 
different degrees of degradation, the affected area includes 13 States as 
reported by (Salih, 1996). The study based on the available information 
using the Geographical Information System (GIS) and Remote Sensing (RS) 
techniques to classify the status of desertification in affected areas.  These   
affected areas include the following 13 States: Red Sea, North Darfur, River 
Nile, Northern Kordofan, Al Gedarif, West Darfur, Gezira, White Nile, West 
Kordofan and Sennar.  The desertified area in the country is confined to five 
ecological zones between latitude 10˚-18˚ north and these are: the hyper 
arid; arid; semi-arid; dry sub-humid and moist sub-humid. ; Sudan is one of 
the Sudano-Sahelian countries that have been seriously affected by drought 
and desertification since the late sixties of the past century to the present.  
This has its long lasting imprints on natural habitats means of livelihood and 
socio-economic fabric of the society.  The magnitude of desertification in 
Sudan was assessed by assimilating the existing information through the use 
of GIS.  The indicators used were: land use, geomorphology, human 
settlements, soil and dranage pattern, and rainfall distribution.  accordingly 
five classes of desertification were reached: very severe, severe, moderate, 
slight and very slight (Salih, 1996).  According to( Osman, 2005) 64 million 
hectares of soil are degraded in arid, semi-arid and dry sub-humid zones of 
the country.  Wind Erosion affects 27 million hectares most of it in the arid 
and semi-arid zones in Kordofan and Darfur where vegetation is scarce and 
soil particles are loose; moreover about 18 million hectares of soils are 
7 
 
affected by water erosion.  Top soil loss through sheet erosion, is a common 
form of water erosion, and about 10 million hectares are vulnerable to 
erosion due to their sloppy terrain, denuded of the vegetation cover, and 
about 16 million hectares of the reddish yellow sandy soils in central, 
Southern Kordofan and Darfur areas are experiencing high rates of nutrient 
depletion.  These soils are inherently poor in nutrient.  The situation is 
aggravated when all biomass has been cleared, and agriculture is practiced 
without sufficient application of organic or mineral fertilizers.  Meanwhile 
about 30 million hectares of the Sudan's soil are stable under natural 
conditions.  These are lands under forest, swamp, mostly in Southern Sudan.  
Another 4 million hectares are stable under sustainable agriculture; these 
mostly include the large irrigated schemes such as Gezira, New Helfa and 
Rahad …. etc. 
Lebon (1965) stated that the classification of land use is an early stage of 
economic development and elaborate the dominant type of land use in 
Khartoum State based on economic importance such as perennially irrigated 
land, other uses such as grazing lands, forest land and rainfed cultivation, 
thought they occupy large area but are not very important. FAO (1976) 
described the land use, such as rainfed agriculture, irrigated agriculture, 
grass land, forestry, and recreation as major kind of land use.  
2.2    Land use practices in The Sudan and impact on land degradation:  
2.2.1   The status of land use 
Sudan is primarily an agricultural and pastoral country, about 80% of 
economically active people are engaged in these sectors, approximatily,75% 
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of the total crops grown in the Sudan are produced in the rain belt ,and  
about 29 million feddans are currently cultivated under  rain , 4.7 million 
feddans are under irrigation, and additional 66.2 million feddan are currently 
natural range lands, forests,  or swamps .Drought and desertification is 
threatening 4million, which represent 71% of the total potentially cultivable 
land in the country (58.5million feddan). Meanwhile desert encroachment is 
threatening almost 24.8 million feddans of forest land also pasturage of 15 
million feddans according to DECARP, 1976. 
The most important categories of land use pattern are the following: 
1\Rain fed lands 
2\irrigated lands 
3\Range lands 
4\ forest lands 
2.2.1.1   Rain fed lands  
Mechanized rainfed agriculture in the Sudan started during the colonial era 
in the 1940 to provide food for Allied forces during the Second World War. 
(Atta ELmoula, 1985). The form of agriculture started to expand in the 
central clay plains of the Sudan and jumped from half million hectares in 
1967 to more than eight million hectares in 1989 (HCENR, 2000). In 
Gadambaliya areas  300,000 feddans (126,000 ha) were under mechanized 
farming of sorghum. (Buraymah, 1977). 
However, in the 1970, with the beginning of drought and desertification 
impacts, that affected most parts of the Sudan, signs of land and yield 
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deterioration appeared in rainfed mechanized schemes. (Buraymah, and 
Dawoud, 1984).  
Many farmers did not have rotation or shifting sites, and those who had 
rotation continued to cultivate both the scheme and it’s rotation at the same 
time, growing single crop and inducing soil depletion, particularly in the 
absence of fertilizer application Farah,( 2000). 
2.21.2    Rangelands 
Rangelands covers an area of about 117million hectares in the world which 
represent about 60% of the total area of the Sudan. Nearly 80% of the total 
range area is located in semi-desert and low rainfall savanna zones there are 
characterized by unpredictable rainfall (RAP, 1993). Range lands contributes 
substantially to income and subsistence of a large sector of the population 
who are either pastoralists or agropastorlists. It provides an important feed 
resource where it supplies 84% of the total feed requirements of the national 
herd, which estimated to be about 103 million head according to Ministry of 
Agriculture, Natural Resources and Animal Wealth Report (1995).  
Most range lands are within afragile environment and facing frequent 
drought periods, seasonal bush fire, increasing pressure on the range 
resources especially around water points due to increase in animal 
population and low of take- off, and due to the expansion of cultivated land. 
Such problems resulted in the change in species composition and destruction 
of local conditions Mustafa et al. (2000). Another factor that annually causes 
a great loss of the range resources is fire, which may destroy up to 30% of 
the areas; some of these fires are deliberately set by the nomads to induce 
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fresh growth of perennial grasses. Environmental degradation severely 
affects range land, forest and livestock production. Range lands degradation 
and desertification are defined as the general destruction of the biological 
ability of land, which ultimately leads to desert like condition. Mustafa et al. 
(2000).  
The misuses of natural resources such as overgrazing, over cutting of wood 
biomass, frequent burning of vegetation and expansion of rainfed farming in 
marginal land are among the major factors of range land degradation and 
desertification .(Abu Swar and Darrage ,2004)                                                                           
2.2.1.3    Forest lands  
Today roughly 39 million square kilometer (29%) of the world land surface 
is under forest cover (Kerkhof, 2000) and of those 28 million square 
kilometer is in closed forest of 40% conopy cover (Singh, 1990).  
The Sudan forestry tree vegetation cover was estimated as in 1901 40% in, 
1901 of the total area, and 34-36% by Harrison and Jackason (1958). The 
total forest land declined from 40% in 1950 to less than 20% in 1990 as 
estimated by FNC and FAO (2000). It decreased further to 13.7% (FNC, 
2002). Three millions feddanns are designated as protected forest reserve 
and are government owned. Tree and land tenure is a particular constraint 
for land use planning; most land in rainfed area owned by government, in 
the terms of unregistered land act, this lead to national conflicts.(El mahi, 
2004) 
The recently enacted legal requirement specified 10% of all rainfed land and 
5% of all irrigated land for crop production should remain as forest or 
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reforested, provided good venue to integrated agriculture, pastoral and 
forestry land use (Egemi, 2004). Demand for agriculture lands, timber and 
other products as well as technological change in agriculture significantly 
impacts the mode and rate of transformation of forested areas.  
The majority of wood utilized from Sudan's forest is for charcoal, fire wood 
and building materials, another major use of forest is Gum Arabic 
production. 
2.3    Land misuse and desertification/ land degradation:  
Stebbing (1953) stressed that the creeping desert is caused by man's activity 
through the land misuse, and destruction of natural vegetation thus creating 
desert like conditions. The damage may take decades to revive according to 
(Dessmar, 1973). According to Stoddart et al. (1975) the situation in arid and 
semi arid areas is aggravated by scarcity of areas suitable for agriculture 
activities, which is outstripped by an increasing population growth rate, The 
pressure on land is sometimes so heavy that much of the minerals of the soil 
are lost, and land is abandoned with the resultant reduction in total available 
land. The intensive trampling of grazing animals at water points also results 
in soil compaction and deterioration of soil structure as pointed out by (Swift 
and Maaliki, 1984). Thompson (1975) stated that aridity is the primary cause 
of desertification .Desertification may occur in different locations and then 
the desertified batches may merge together forming desert like conditions, 
Three main factors accelerate the processes of desertification and drought, 
namely human related activities, climatic variation such as recurrent 
prolonged drought periods and climatic change in developing countries and 
Sudan is not an exception. The natural and induced desertification processes 
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include degradation of vegetation cover, wind erosion, water erosion, 
salnization/ sodication, reduction in organic matter and soil compaction, 
sealing and accumulation of substances that are toxic, (Anonymous, 1979).  
In this respect Goda (1977) indicated that with increasing population, and 
expansion in agriculture development and livestock production, there will be 
more pressure on natural resource, with fuel wood being the forest product 
in greats demand( Ayoub, 1998) .cited that the clearance of forests and 
woodlands cover for firewood and charcoal making and over exploitation of 
vegetation is affecting 22 million hectares, felling of trees for different 
reasons and the use of fuel wood energy are the causes of deforestation 
leading to desertification in forest areas. 
(Suliman and Darrage, 1983) mentioned that most of forage species have 
disappeared because of early grazing which prevented plants from 
completing their cycle and bearing fruits. Thus the denuded areas are created 
and these represent potential desertification similar to that reported by 
Harrison and Jakson (1955) who observed that where there were no seeds 
deposited there almost complete failure of plant growth especially in years 
of low rainfall.  
The most serious factor which led to vegetation depletion is the high number 
of animals grazing at water point which caused soil compaction and loss of 
structure (Farah, 1986). Overgrazing is the most widespread cause of soil 
degradation particularly around settlements and watering centers, affecting 
about 30 m ha (47%) of the total degraded areas (Ayoub, 1998). Suliman 
and Darrage (1983) reported that agriculture expansion in the rangeland led 
to over stocking of grazing animals. Ayoub (1998) reported that the over 
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cultivation of marginal land especially in low rainfall areas is a serious cause 
of desertification in the Sudan. He mentioned that cropping without 
appropriate nutrient input have degraded about 12 m ha, particularly in small 
scale farming on sandy and loamy soils  
  According to Suliman and Darrage (1983) the total areas affected by 
desertification in Sudan amounted to 1.528000 Km. On the other hand the 
expansion of cultivation of marginal land led to depletion of natural 
vegetation. In this respect desertification and general rangeland degradation 
now cover a total area amounting to almost 650.000 Km (150 million 
feddans) according to (Abuswar and Darrag , 2004).  
El Sammani, (1987) attributed desertification in rangelands of the Sudan to 
the following:    
 • Desertification of pasture by fire  
• Conversion of rangelands into agriculture land  
• Nomads  
• Lack of range management  
• Over - grazing  
According to Harrison and Jackson (1958) the change in rangelands 
vegetation composition must be correlated with climatic changes, and with 
seasonal burning of vegetation, overgrazing and all other parameters that 
may influence range vegetation composition change.  
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Land misuse is a major cause of desertification. Nonetheless, overgrazing 
led to the shrinkage of good pasture with the consequence that grazing 
animals attack local trees such as Acacia trotilis, Acacia raddiana, Acacia 
ehrenhrgiana and Ziziphus spina Christi, thus aggravating the situation. 
Similarly, Nordwijk (1984) reported that original vegetation cover removed 
for cultivation and provision of fuel wood in the most severely desertified 
regions in Sahelien zones. This was supported by Bayoumi (1984) who gave 
an estimation of 584 million Acacia shrubs as being uprooted by Sudan 
nomads for fuel and 20 million cubic meters of timber as annual losses due 
to human activities. The same author attributed the reduction in gum Arabic 
yield from 52,000 tons in 1956 to 32,000 tone in 1966 due to agriculture 
expansion. Conway (1984) stated that the risks are much greater in arid than 
humid climates, and all dry land planning has to take risks into 
consideration. 
Abu suwar et al. (2000) cited that over cutting of wood for fuel and building 
purposes has a catastrophic effect on environment leading to desertification 
and land degradation and wood consumption for fuel wood that amounted to 
21 million cubic meters in 1975, increased to 28 million cubic meters in 
1964 and 67.6 million cubic meters in 1987. Ahlcorna, (1988) noted that 
decrease in the biological productivity could be caused by aridity and man 
made factors, while land degradation is mainly caused by man. 
According to Soil Conservation  Report (1944). The serious and intensive 
human manipulations of land misuse accelerated signed land degradation.  
Stebbing (1953) attributed the causes of degradation to the practice of annual 
firing of natural vegetation and misuse of natural resources by people and 
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cause of degradation and degeration of forests into scrub type can be traced 
to climatic change. Baumer and Tahara (1979) reported that the desert 
encroachment in Sudan is mainly a man made phenomenon caused by 
misuse of land. The cultivation in marginal areas was assumed to be one of 
the main causes of land degradation / desertification (Ayoub, 1998). 
The spread of the Sahara and shifting of vegetation cover to south word as 
result of over grazing and wood cutting was led to accelerate soil erosion 
(Eckholm,1977). 
 
2.4   Degradation and land use in Khartoum State: 
     Khartoum State lies between latitude 15º 08 - 16º 39 N and longitude 
31º36-34º25E. the State covers an area of 20970 km2 and the rainfall range 
between 75-150 mm (annual rainfall) . Average air temperature ranges 
between 21.6 Cº and 37.7Cº in winter and average wind speed is about 14 km 
per hour. The State is characterized by average wind storm with 17 km per 
hour speed (Abd Alatief, 1996). 
The State has arid ecological zone and limited biotic diversity. generally 
Khartoum state is flat plane with some rocks in eastern part, it has a gentle 
slope from east to west which runs towards the river Nile . The State covered 
by three geological formation as follows: Nubian sand stone, which covers 
about 60% of the geographic area of the State, Gezera formation, which 
covers the north eastern part of the state, meanwhile there are some wadies 
that originate from the state (Wadi Elhasib and Wadi Soba in the east and 
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Wadi El mansorab in Omdurman). These Wadies end up in the river Nile 
(Hussein, 1988). 
The Sate covered by various types of soil as follows:  
1. Recent soil deposits. 
2. Soil formed from old deposit. 
3. Soil formed from the alluvial deposit of the White Nile and the Blue Nile. 
4. Sand Soil deposits. 
Wadies and soil are formed on the basement complex. 
Generally these soils are classified as Aridisols in addition some pockets of 
Vertisols  Barakat et.al (2000). 
Vegetation cover is mixture of grasses, shrubs and legumes with some trees 
distributed according to the desert ecology, Acacia seyal and Maerua 
grassifolia (Sarah) in Khartoum north where (Somur) Acacia raddina and 
(Salam) Acacia ehrenbergiana are the dominant tree types with some sidir 
Ziziphusspini chrinsiti, (Higleig) Balanites egeyptiaca and Acacia Nilotica 
(Sunt) are located at river banks  
Different annual perennials grasses are distributed between these trees, such 
as (tumam) Panicum tungodum and (Mahrib) Cymbopogon proximus are 
also available on the sandy soil west of the Nile .The dominant plant cover  
includes (Direisa) Tribulus terrestris) (Hantout) Colocyanthus vullgaris, 
annual plants constitute about 75% of the total plant cover  and the rest 25% 
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is perennial .Most of the soil of the state is saline, sodico-saline sodic  
according to Mubark , et al. (2004). 
The extent of the area that affected by desertification at latitude, 12ºN was 
surveyed and mapped at reconnaissance level by (Lampery ,1975). 
Khartoum State is enraptured in all sites, by fragile ecological systems. As 
result, the vegetation cover decreased and the top soil could be removed .and 
this might endanger the productivity of the land. The phenomenon of the 
aridity and desertification had negative impacts on different areas in the 
State. Mass movement of people to the state has resulted in high pressure on 
all services, increase in mortality of animals, failure of some crops and 
accordingly, yield of cereal crops has declined to less than 50Kg\fed. All 
these resulted in deterioration of soil, plant cover and eventually 
deterioration of the state range lands, as stated by Abdullah, et al. (2004). 
Lebon (1965) stated that in the nomadic area of AbuDeleiq and area 
bordering Butana considerable grain yield is produced in wadis or 
depression which are in unduiated by run off after rains, but this type of 
cultivation is mainly carried by nomads, while settled population practiced 
terrace cultivation. 
 2.5 Soil properties in Northern part of eastern Nile State of         
Khartoum:  
2.5.1.   Physical characteristics of the soil: 
Three qualities are considered under the following indicators:  
2.5.1.1.   Texture 
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Texture is one of the most distinct characteristics of the soil surface layer of 
the study area. Sand percentage ranges mainly between 10.0 and 74.0 
percent and slit between 4.0 and 34.0 percent, clay ranged between extreme 
values of 70 and 4 percent for individual horizons but mainly fall between 
30 and 50 percent (Younis, 1985).  
2.5.1.2.   Structure  
No quantative measurements were made of soil structures and so reliance 
must be placed on qualitative field assessment, generally there are marked 
structural differences between the top and second horizon (Younis, 1985). 
2.5.1.3.   Consistency 
This is usually a direct reflection of soil texture and moisture, though salinity 
also has some effect. The soils were almost invariable dry near the surface 
and almost dry or only slightly moist at depth. The soils tended to become 
harder or firmer down the  profile, being soft to slightly hard in the top 15-
20 cm ,and becoming hard or firm below  50 cm . Below 50-90 cm, where 
the sub –soils are calcareous matrix and the consistency becoming very hard, 
usually remained very hard or extremely hard to 2 m (Younis, 1985).    
2.5.2   Chemical characteristics of the soils:  
2.5.2.1   Salinity 
Saline conditions in the active root zone of the soil can inhabit plant growth, 
by the total concentration of the soluble salt. 
Salinity seems to increase with increasing aridity .very high saline soils only 
occur in areas where the average rainfall is less than 200 mm. on the same 
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kind of soils (for example) typic and ustic chromusterts there is a marked 
difference in salinity between the north Gezira with low rainfall (slightly 
above 200 m m) and the south and central Gezira with an average annual 
rainfall between 360 and 460 mm. (Younis, 1985). 
2.5.2.2.   Sodicity  
Sodicity conditions in the soil inhabit plant growth: 
1. By causing low permeability. 
2. By preventing calcium uptake by plants. 
If the exchangeable sodium percent is more than 15 there may be difficulty 
in maintaining soils permeability. 
2.5.2.3.   Composition of soluble salts 
It is the fact that the dominance of sodium ions in the soluble salt is rather 
severe (more than 80% of all cations percent), Na is the dominant cation in 
the top, as well as in subsoil. Whereas sulphate are equally important and 
form about 70 % of the anions. It is noticeable that both sodium and sulphate 
occurs in almost equal proportions in the soil (Younis, 1985). 
 It may therefore be suggested that the sodium sulfate is the major salts 
component in the soils of the study area, however, it has been concluded by 
Nachtnegaele (1976), that the sodium chloride is nearly absent in the Gezira 
area and becomes as important constituent further north of it .The dominance 
of sodium sulfate in the saline layers of investigated area might be 
considered as less harmful to plant growth.  
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2.5.2.4.   Calcium carbonates 
The calcium carbonate percentage is generally low throughout the soil 
profiles less than 8 % (Younis, 1985). 
2.5.2.5.   Hydrogen-ion activity (pH) 
The pH is not an independent variable but rather is a function of several 
interrelated factors including: 
The composition and structures of the parent material. 
The rate of leaching and temperature. 
For example, when CaCO3 is present in the parent material at levels as low 
as 1% of the soil, they can dominate the course of soil development because 
this amount is sufficient to buffer the pH values over neutrality and sustain a 
high level of biological activity (Brown. et.al, 1977) 
The overall average of pH for all depths is 8.0 the average pH of the top soil 
is 7.6 and sub soil is 8.7, pH values on saturated paste are almost invariably 
low, reflecting the effect of exchangeable sodium. 
2.5.2.6.   Organic carbon  
The highest value recorded was 0.42 percent on a surface soil and the lowest 
0.05 percent on the second horizon. 
The average value of 0.2 is lower than desirable for agricultural use and 
demonstrates the poverty of these soils in organic matter (Younis, 1985). 
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2.6.   Water sources and suitability in Northern part of eastern Nile 
State of Khartoum:  
It should be stressed that, apart from in most general terms, water has no 
inherent quality independent of the purpose for, and the conditions under 
which it is to be used. Thus quality can only be evaluated in the context of a 
specified set of conditions. For the purpose of irrigation, water quality must 
be considered together with climatic conditions in the region, soil types and 
crops to be irrigated (Younis, 1977). 
U.S. salinity laboratory staff (1964), gives a general irrigation water 
classification in terms of total salinity expressed by electrical conductivity, 
and alkalinity or sodicity, expressed by sodium absorption ratio (SAR). 
Most surface irrigation water whose source is snow fed rivers, has a total 
salinity of less than about 0.5 to 0.6 dS/m .ground water in the semi-arid one 
dS/m to more than 12 to 15 dS/m .Sea water is highly saline with an average 
total soluble salts content of about 35g/l corresponding to an electrical 
conductivity of about 50dS/m (FAO, 1988). 
The water quality of the Blue Nile is low salinity, low sodium hazard, and 
water quality of the well is classified as medium salinity and low sodium 
hazard. 
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Chapter Three 
Material and Method 
 
3.1 General description of area: 
3.1.1 Location 
Study area in the Northern part of eastern Nile State of  Khartoum 
(Alkadaro), is located 13km from north Khartoum (Bahri), between latitudes 
15º 37´ 40" and longitude 32º 31´51" Fig 3-1 show the location map of the 
study area. 
3.1.2 Climate 
The study site is within the semi-desert ecological zone it receives rain fall 
about (150-170mm\year), Seasonality and variability characterize the rainfall 
in time and space .Generally in January the average temperature rises from 
14Cº at dawn to 30Cº in after noon, while in May the hottest month it rises 
from 25Cº to 42Cº rainfall start in(June - July), and may continue up to 
September in dry years. Winter is known with its prevailing strong northerly 
wind, which causes serious sand and dust storms.  
3.1.3  Soil 
The soil is sandy clay to clay. Soil moisture is one of the most limiting 
factors in the area. The soils of the State are predominantly Aridisols with 
pockets of Vertisols formed on an old alluvium deposits and Entisols o 
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recent alluvium and Aeolian deposits .Most of the soils of the State are salt-
affected (Mustafa, 1986). 
3.1.4  Geology 
The State is covered by three geological formations:  
• The Nubian sand stone covering about two thirds of the State. The amount 
of water stored in this formation is about 50-70 milliard m³, with low to 
medium salt concentration according to USA classification system. 
(Mustafa, 1973). 
• The Gezira formation covers the area between the two main tributaries of 
the Nile, the White and the Blue Niles. Storage capacity of the Nile is about 
10milliardm³, the depth of the water ranges form 8m near the River Nile to 
35 m in the south east to the south west of the Nile. There are many artesian 
wells in this area with water depths ranging between 40 and 70 m. 
• Basement complex covering a small area in the northern side of Khartoum 
North (Sabaloga). 
3.1.5  Water quantity 
The area is dominated by Nubian Sandstone sedimentary rocks, which are 
water bearing rocks.Accordingly underground water is available in sufficient 
quantities to support irrigation purposes. 
3.1.6  Vegetation 
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The area exists in the semi-desert vegetation zone which is dominated by 
deciduous woody plant species of the seyal, sarieh, salum, sidir, and 
samara, with some other species of short grasses. 
3.1.7  Land use 
The system of land use in the study area is mainly traditional agricultuer-
fooder crops and vegetables are cultivated in most area, that irrigated by 
under ground water, and from Elseleit canal .The major problem in the area 
with reference to land use has been the practice of traditional and 
mechanized farming at the expense of the range land and vegetation cover. 
The large scale vegetation clearance operation has resulted in complete 
removal of trees. 
 3.1.8  Tribal Groups 
The area is inhabited by different tribes, Gamoaya, Bederiya, Shaigeya, 
Dawaleep, Racabeya, Meseraya, Mahas, and some Torcach and Egyptian 
families. They are depending mainly on agriculture, commerce and marginal 
professions for their living.    
3.2  Material: 
3.2.1  Soil and water sample 
 Forty five Auger samples were collected from four private farms, and one 
farm  located in Elsielet irrigation scheme. Which was considered as control.  
The soil samples were taken from three depths 0-30 cm, 30-60 cm and 60-90 
cm .Soil sample collected by auger from five locations in cultivated private 
farms, Hashim Hilal farm, ,Safieldien Awad farm , Ibrahim Hakim farm, Ali 
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Youseif  farm Youseif Fargalla farm . The distance between each auger 
holes was 50 meter along the area with three replicates .Also water samples 
were collected from tow wells from Safieldin Awad and AliYousif farms. 
The other farms their wells are not functioning .Also collected one water 
sample from the Elsielet canal. 
3.2.1.1  Hashim Hilal Farm : It is private  farm with an area amounting to 
ten feddan and located in the western site of the Northern Elseleit open 
drainage .The farm is irrigated by underground water, but it’s  not cultivated 
at present because the well is not functioning ,the farm is surrounded by 
ashelter belt established at it’s the eastern part at persent area is fallow but it 
functioning  as pasture land during the rainy season. 
3.2.1.2  SafieIdin Awad Farm: The farm area is fifteen Feddans, located in 
the southern border of the study area .The farm is irrigated by underground 
water and cultivated by vegetables and sorghum (Abusabein). 
3.2.1.3  Ibrahem Hakim Farm: The farm area is ten Feddan, located in the 
northern site of the street that crosses the irrigation canal, and it’s 
uncultivated because its well is not working. 
3.2.1.4 Ali Yousif Farm: The farm area is located in the eastern site of the 
irrigation canal and irrigated by both canal and underground water. It’s ten 
Feddans. 
3.2.1.5 Yousif Fargalla Farm: The farm area is nine feddan   located in the 
southern of the Seleite open darinage that irrigated from the canal, were 
Abusabeen is cultivated. 
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Soil samples were carefully packed in bags to avoid distortion of aggregates. 
Weight 1.5 Kg of soil samples was taken from each auger hole .Water 
samples were taken in plastic bottles from three farms (SafieIdin Awad, Ali 
Yousif, Yousif Fargalla). 
3.3. Methods: 
3.3.1 Laboratory Analysis: 
3.3.1.1 Analysis of Soil Samples 
All soil samples were ground to pass through 2.00 mm sieve and mixed 
thoroughly. The sieved samples were used for determination of various soil 
physical and chemical properties.  
Soil pH in the paste was determined using pH-meter (U.S. Salinity 
Laboratory Staff. 1954) method. The electrical conductivity of the extract 
each  soil was measured by using ECe-meter (ECe-bridge).       
Cation Exchangeable Capacity of each soil sample extract (CEC) was 
determined by the difference in the quantity of the calcium added and the 
amount found in the solution (Rible and Quick, 1960). 
Calcium (Ca) and Magnesium (Mg) were determined by titration against 
EDTA according to a method described by Cheng and Bray (1951).  
Chloride (CL) was determined by titration with silver niterate (Reitemeirer, 
1943). Bicarbonate (HCO3) determined by titration with acid (Reitemeier, 
1943).Sodium (Na) and Potassium (K) were determined by using flame 
photometer method.  
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Particle size distribution was determined by hydrometer method (Black et.al, 
1965). The texture classes of the soil samples were determined according to 
United States Department of Agriculture (USDA) textural triangle.    
Sodium Adsorption Ratio (SAR) is calculated after concentrations of soluble 
Ca, Mg and Na ions in soil saturation extract (U.S. Salinity Laboratory Staff, 
1954). Sodium Adsorption Ratio (SAR) was calculated according to the 
following equation: 
                                       SAR =         Na+ 
                                                      Ca++ + Mg++ 
                                                           2                                                                                   
                                                        
The Exchangeable Sodium Percentage (ESP) calculated according to the 
following equation: 
ESP = (Ex Na /CEC) ×100 
3.3.1.2  Analysis of Water Samples 
Water samples collected from wells of the study area were used to determine 
pH, EC, RSC, SAR soluble Anions and Cations, using the same methods 
followed in the analysis of soil paste described above. The Residual Sodium 
Carbonate (RSC) calculated according to the following equation: 
    RSC = (CO3-- + HCO3-) – (Ca++ + Mg++) 
The cations and anions concentrations are expressed in (meq/L) 
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3.3.2 Statistical Analysis: 
3.3.2.1 Soil and Water Analysis 
Randomized Complete Block Design (RCBD) was used to estimate the 
effects of the measured parameters .Each soil sample was analyzed in three 
replications. 
The Completely Randomized Design (CRD), were used for analyzing of 
water sample as well as soil samples. These samples were analyzed in 
triplicate also. 
The data obtained from water and soil samples were analyzed according to 
SAS program version (3), (SAS, 1994).  
For soil and water the significance level accepted was P≤0.05 and means 
were separated according to Least Significant Difference (LSD) According 
to (Gomez and Gomez, 1984). 
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Chapter Four 
Results 
 
The obtained results are presented in table 4.1 - 4.5 which illustrated the 
mean of physical and chemical properties. 
The results reflect the soil quality of the study sites. The obtained results 
show the alkaline reaction of soil, where pH ranged from 7.0 to 8.6, 
Moreover ECe ranged from 23.6 to 0.46, where the value of 23.6 dS/m 
found in depth of 30-60 cm  in Ibrahim Hakim Farm. 
The SAR values fall within the slight, moderate and strong degrees of 
salinity ranging between 72.61 and 2.41 where the highest value of was 
found in depth 30-60 cm in Safieldin Awad farm. Where the sodium ranges 
between 217.3 and 2.52 where the highest value 217.3 was found in depth 
30-60 cm in Ibrahim Hakim farm this case attributed to leaching of salt and 
it located beyond the main drainage of rain fall.  
The presence of HCO3 could influence the creation of some sodic pockets in 
the soil. The high sand content could affect soil permeability. The results 
obtained showed that high sand content the soils was ranged between 67.5 
and 39.17 where the value 67.5 found in depth 30-60 cm in Ali Yousif farm. 
The soils are classified as (Entisols Eltom, 1973). Nonetheless, the soils 
have symptoms of Vertisols such as dark brown colour and slight cracks 
(USA Soil taxonomy, 197)
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Table (4.1)  The mean of physical and chemical Properties of Soil in Hashem Hilal Farm 
 
*ECe = Electrical Conductivity 
*SAR =Sodium Adsorption Ratio 
*ESP = Exchangeable Sodium Percentage 
*CEC = Cation Exchange Capacity 
*O.C = Organic Carbon percentage 
*O.M = Organic Matter percentage 
 
Depth 
(cm) 
pH ECe 
dS/m 
Na+ 
meq/L 
K+ 
meq/L 
Ca+2 
meq/L 
Mg+2
meq/L 
SAR 
meq/L 
CO3-2
meq/L 
HCO3-
meq/L 
Cl- 
meq/L 
SO4-2 
meq/L 
CEC 
meq/L 
ESP O.C
% 
O.M Sand
% 
Silt
% 
Clay% 
0-30 7.86 1.93 6.9 0.357 1.8 10.3 2.81 0 3.06 2.7 13.6 33.93 14.7 0.43 0.74 60.83 13.4 24.16 
30-60 7.66 0.58 2.81       0.317 1.4 1.26 2.44 0 3 2.26 6.53 32.16 15.5 0.71 0.66 64.16 8.4 27.56 
60-90 7.9 0.46 2.52 0.090 1 1.06 2.48 0 3 2.36 0.69 33.93 14.5 0.49 0.84 62.5 10.4 26.66 
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Table (4.2) The mean of physical and chemical Properties of Soil in Safieldin Awad Farm 
 
Depth 
(cm) 
pH ECe 
(S/m 
Na+ 
meq/L 
K+ 
meq/L 
Ca+2 
meg/L 
Mg+2 
meq/L 
SAR 
meq/L 
CO3-2 
meq/L 
HCO3- 
meq/L 
Cl-
meq/L 
 
SO4-2 
meg/L 
CEC 
meq/L 
ESP O.C
% 
M.O
% 
Sand
% 
Silt
% 
Clay
% 
0-30 8.2 9.68 89.68 0.116 5.3 1.7 47.9 1.7 6.67 9.5 78.9 43.13 33.2 0.29 0.51 45.83 25 29.5 
30-60 8.2 14.57 137.6     0.129 6.3 1.7 68.8 0.5 3.96 10.2 131.1 46 32.6 0.25 0.44 47.5 19.4 33.2 
60-90 7.9 21.23 200.4 0.202 10.3 1.9 81.1 0.23 3.03 10.1 199.4 42.3 35.5 0.20 0.35 50 20.8 29.2 
 
*ECe = Electrical Conductivity 
*SAR =Sodium Adsorption Ratio 
*ESP = Exchangeable Sodium Percentage 
*CEC = Cation Exchange Capacity 
*O.C = Organic Carbon Percentage 
*O.M = Organic Matter Percentage 
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 Table (4.3) The mean of physical and chemical Properties of Soil in Ibrahim Hakim Farm 
 
Depth 
(cm) 
pH ECe 
dS/m 
 Na+ 
meq/L 
 K+ 
meq/L 
Ca+2 
meq/L 
Mg+2 
meq/L 
SAR 
meq/L 
CO3-2 
meq/L 
HCO3-
meq/L 
Cl- 
meq/L 
SO4-2 
meq/L 
CEC 
meq/L 
ESP O.C 
% 
M.O
% 
Sand
% 
Silt
% 
Clay
% 
0-30 8.56 0.715 2.509 0.076 3.9 1.33 3.35 0 3.03 5.26 130.55 55.16 27.1 0.36 0.63 45.83 34.2 20 
30-60 8 23.56  217 0.108 14.8 3.73 70.90 0 3.4 3.16 229.1 50.16 29.9 0.44 0.77 39.17 34.2 26.7 
60-90 7.9 18.75 172 0.143 11.7 3.66 63.48 0.3 2.8 2.76 197.24 50.3 29.8 0.37 0.64 43.33 27.5 25.8 
 
*ECe = Electrical Conductivity 
*SAR =Sodium Adsorption Ratio 
*ESP = Exchangeable Sodium Percentage 
*CEC = Cation Exchange Capacity 
*O.C = Organic Carbon percentage 
*O.M = Organic Matter percentage 
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Table (4.4) The mean of physical and chemical Properties of Soil in Ali Yuosif Farm 
 
Depth 
(cm) 
pH ECe 
dS/m 
 Na+ 
meq/L 
K+ 
meq/L 
Ca+2 
meq/L 
Mg+2 
meq/L 
SAR
meq/L 
CO3-2 
meq/L 
HCO3- 
meq/L 
Cl- 
meq/L 
SO4-2 
meq/L 
CEC 
meq/L 
ESP O.C 
% 
M.O 
% 
Sand
% 
Silt
% 
Clay
% 
0-30 7.66 1.36 6.137 0.219 3.9 3.33 2.88    0.3 3.4 6.16 4.51 32.3 15.5 0.44 0.76 63.33 14 25 
30-60 7.53 0.88 3.94       0.078 2.9 1.86 2.52 0 3 5.05 3.90 35.9 13.9 0.36 0.64 67.5 7.5 25 
60-90 7 0.75 3.47 0.065 1.8 1.93 2.65 0 2.6 4.27 3.19 31.7 16.13 0.34 0.59 61.66 11.6
6 
26.7 
 
*ECe = Electrical Conductivity 
*SAR =Sodium Adsorption Ratio 
*ESP = Exchangeable Sodium Percentage 
*CEC = Cation Exchange Capacity 
*O.C = Organic Carbon percentage 
*O.M = Organic Matter percentage 
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Table (4.5) The mean of physical and chemical Properties of Soil in Yuosif Fargalla Farm 
 
*ECe = Electrical Conductivity 
*SAR =Sodium Adsorption Ratio 
*ESP = Exchangeable Sodium Percentage 
*CEC = Cation Exchange Capacity 
*O.C = Organic Carbon percentage 
*O.M = Organic Matter percentage 
 
Depth 
(cm) 
pH ECe 
dS/m 
Na+ 
meq/L 
 K+ 
meq/L 
Ca+2
meq/L 
Mg+2
meq/L 
SAR 
meq/L 
CO3-2
meq/L 
HCO3-
meq/L 
Cl-
meq/L 
SO4-2
meq/L 
CEC 
meq/L 
ESP O.C 
% 
M.O
% 
Sand% Silt% Clay
% 
0-30 7.70 7.63 12.01 53.74 7.9 2.66 5.25 0.1 3 2.5 59.84 43.1 23.2 0.33 0.57 35 18.3 46.67 
30-60 7.76 11.23 91.88  0.117 15.8 4.46 31.71 0.1 2.5 3 31.07 45.4 22.02 0.70 0.52 26.66 32.5 40.86 
60-90 7.73 7.74 55.22 0.108 15.1 6.93 16.72 0.1 2.53 4 98.7 50.5 21.6 0.38 0.67 30.83 17.5 51.67 
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4.1 Soil Properties 
4.1.1 Chemical Properties 
4.1.1.1 pH in different sites and depths  
The values of soil analysis showed that (pH) varied with significant 
difference along farm and no significant difference among depth (P≤0.05),.  
Ibrahim Hakim farm recorded the highest value ( 8.15) and Ali Yousif farm 
lowest value ( 7.63), (Table 4.6, and Fig 4.1) . 
Table 4.6: Means pH value of soil at different depths and different farms 
         Sites 
Depths(cm) 
H S I A Y 
0-30 7.86 8.2 8.56 7.66 7.70 
30-60 7.66 8.2 8 7.53 7.76 
60-90 7.90 7.90 7.90 7 7.73 
Mean 7.81 b 8.08 a 8.15 a 7.63 b 7.73 b 
 
Different letters along the same column indicate significant differences according to 
Least Significant Difference (LSD).  
 
 
 Fig (4.1) means of PH in different sites    
7
7.5
8
8.5
H S I A Y
Farms
mean
PH
b b 
a b a 
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4.1.1.2 Electrical Conductivity (ECe ds/m) in different sites and depths:  
Statistically significant difference was found with regard to (ECe) in the soil 
along farms and no significant difference along depth (P≤0.05), (Table 4.7, 
and Fig.4.2). Furthermore Safieldin Awad farm recorded the highest value    
( 15.16), while Hashim Hilal farm recorded the lowest value (0.98). 
Table4.7: Mean Electrical Conductivity (ECedS/m) value of soil at different 
depths and different farms 
       Sites 
Depths(cm) 
       H      S       I       A       Y 
0-30 1.93 9.68 0.78 1.36 7.63 
30-60 0.58 14.57 23.56 0.88 11.23 
60-90 0.46 21.23 18.75 0.75 7.74 
Mean 0.98ab  15.16 a 14.36a 0.99 ab 8.86 a 
Different letters along the same column indicate significant differences according to 
Least Significant Difference (LSD). 
 
 
Fig (4.2) means of ECe in different sites
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4.1.1.3 Sodium (Na) in different sites and depths: 
The Sodium (Na) in the soil shows no significant difference among depths 
and  farms (P≤0.05),    Safieldin Awad farm recorded highest value (142.6) 
and Hashim Hilal farm recorded lowest value (4.07)  , (Table 4.8,and Fig 
4.3). 
Table4.8: Mean Sodium value of soil atdifferent depths and different farms 
         Sites 
Depths(cm) 
        H        S       I        A        Y 
0-30 6.9 89.68 2.59 6.137 12.01 
30-60 2.81  137.6 217.02  3.94  91.88 
60-90  2.52 200.4  172.4  3.47 55.22 
Mean  4.07 a 142.6a 130.7a 4.52 a 53.04a 
Different letters along the same column indicate significant differences according to 
Least Significant Difference (LSD).  
  
Fig (4.3) means of Na in different sites
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4.1.1.4 Magnesium (Mg) in different sites and depths: 
The values of soil analysis showed that Magnesium (Mg) has no significant 
difference among depths and   farms (P≤0.05), (Table 4.9, and Fig 4.4) 
Yousif Faragalla farm recorded the highest value (4.689) and Safieldin 
Awad farm lowest value (1.800). 
Table4.9: Mean Magnesium (Mg) value of soil at different depths and 
different farms 
 
Different letters along the same colum indicate significant differences according to Least 
Significant Difference (LSD). 
 
 
       Sites 
Depths(cm) 
        H       S       I       A        Y 
0-30  10.26  1.7 1.33 3.33  2.66 
30-60  1.26  1.7  3.73  1.86 4.46 
60-90  1.06  1.9  3.66  1.93 6.93 
Mean  4.200  a 1.800  a  2.911  a  2.378  a  4.689 a 
Fig (4.4) means of Mg in different sites 
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4.1.1.5 Calcium (Ca) in different sites and depths: 
The calcium (Ca) in the soil shows change of significant difference among 
depths and among farms (P≤0.05), (Table 4.10, and Fig4.5), Yousif faragalla 
farm recorded the highest value (12.956) and Hashim Hilal recorded lowest 
value (1.400) .             
Table4.10 : Mean Calsium (Ca) value of soil at different depths and different  
farms 
Different letters along the same column indicate significant differences according to 
Least Significant Difference (LSD). 
 
 
 
       Sites 
Depths(cm) 
        H        S       I       A        Y 
0-30 1.8  5.3  3.9  3.9 7.9 
30-60 1.4  6.3  14.8  2.9 15.8 
60-90 1  10.86  11.7  1.8 15.13 
Mean 1.400 c 7.467 b  10.11 a 2.876 c  12.95 a 
 Fig (4.5) means of Ca in different sites 
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4.1.1.6 Potassium (K) in different sites and depths: 
the potassium (K) in the Soil shows no significant difference along the depth 
and farms (P≤ 0.05) , (table 4.11 and Fig 4.6 ) , Yuosif Faragalla farm 
recorded the highest value (17.99) and Ibrahim Hakim recorded lowest value 
(0.11). 
 Table4.11: Mean  Potassium (K) value of soil at different depths and 
different farms 
Different letters along the same column indicate significant differences according to 
Least Significant Difference (LSD). 
 
  
 
        Sites 
Depths(cm) 
        H         S        I        A         Y 
0-30  0.357  0.116 0.076   0.219  53.74 
30-60  0.317 0.129  0.108  0.078  0.117 
60-90  0.090  0.202  0.143  0.065  0.108 
Mean  0.25 a 0.15 a  0.11 a  0.12 a  17.99 a  
 Fig (4.6) means of K in different sites   
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4.1.1.7 Sodium Adsorption Ratio (SAR) in different sites and depths: 
Statistically no significant difference was found in Sodium Adsorption Ratio 
(SAR) along depths (P≤0.05), (Table 4.12, and Fig.4.7), the farm of 
Safieldin Awad recorded highest value (59) and   Ali Yousif  farm recorded 
lowest value (3)         
Table4.12: Mean Adsorption Ratio (SAR) value of soil at different depths 
and farms 
Different letters along the same column indicate significant differences according toLeast 
Significant Difference (LSD). 
  
Fig (4.7) means of SAR in different sites
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        Sites 
Depths(cm) 
         H           S        I         A        Y   
0-30 2.81  47.9 3.35 2.88 5.25 
30-60  2.44  68.8  70.9  2.52 31.71 
60-90  2.48  81.1  63.48  2.65  16.74 
Mean 2.6 b  65.9 a  46a  3b 18a  
a 
a 
a 
b a 
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4.1.1.8 Carbonate (CO3) in different sites and depths: 
Carbonate (CO3)  in the Soil show significant difference along both farms 
and no significant among the depth (P ≤ 0.05)  (table 4.13 and Fig 4.8)   
Safieldin Awad recorded the highest value (0.822) and Hashim Hilal farm 
recorded the lowest value (0.000) . 
Table4.13: Mean Carbonate (CO3) value of soil at different depths and farms 
        Sites 
Depths(cm) 
         H         S        I        A       Y 
0-30 0   1.7  0  0.13   0.1 
30-60  0  0.5  0  0  0.1 
60-90  0 0.23 0.3  0  0.6 
Mean 0.000 b 0.822 a  0.044 b  0.044 b 0.11 b  
Different letters along the same column indicate significant differences according to 
Least Significant Difference (LSD). 
 
 
  
 
Fig(4.8) means of CO3 in different sites 
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4.1.1.9 Bicarbonate (HCO3) in different sites and depths: 
 (Table 4.14 and Fig. 4.9) showed no significant difference of Soil 
Bicarbonate (HCO3)   along depths and farms (P≤0.05), Safieldin Awad 
recorded highest value (4.5890) Yousif faragalla farm recorded lowest value 
(2.668)  
Table4.14: Mean Bicarbonate (HCO3) value of soil at different depths and 
different farms 
        Sites 
Depths(cm) 
         H        S        I        A          Y   
0-30 3.06  6.76  3.03  3.4  3  
Z  3  3.96  3.4  3  2.5 
45-60  3 3.03 2.8 2.6   2.53 
Mean 3.022 a 4.589 a  3.078 a  3.0 a 2.667 a  
Different letters along the same column indicate significant differences according to 
Least Significant Difference (LSD). 
 
 
Fig (4.9) means of HCO3in different sites    
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4.1.1.10 Chloride (Cl) in different sites and depths: 
 (Table 4.15 and Fig. 4.10), showed significant difference of Soil Cloride 
(CL) along farms and no significant difference among the depth (P≤0.05),  
Safieldin Awad farm recorded  highest value (9.928) and Hashim Hilal 
recorded lowest value (2.444) . 
Table4.15: Mean Chloride (CL) value of soil at different depths and 
different farms 
        Sites 
Depths(cm)           H         S        I          A         Y  
0-30 2.7    9.5 5.26   6.16 2.5 
30-45 2.26  10.2  3.16  5.05 3 
45-60 2.36  10.1  2.76  4.27 4  
Mean 2.444 c 9.928 a  3.733 bc  5.164 b  3.144 bc  
Different letters along the same column indicate significant differences according to 
Least Significant Difference (LSD). 
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4.1.1.11. Sulphate (SO4) in different sites and depths: 
The (SO4  ) in the soil shows change of significant difference along farm and 
no significant difference among  depth   (P≤0.05), (Table 4.16,and Fig 4.11), 
where Ibrahim Hakim farm recorded the highest value (180.6) and  Hashim 
Hilal farm recorded lowest value (2.65). 
Table4.16: Mean (SO4 ) value of soil at different depths and different farms 
        Sites 
Depths(cm) 
Hashim Hilal   
Safieldin 
Awad    
Ibrahim 
Hakim  
Ali Yousif  
Yousif 
faragalla   
0-30  13.6 78.9 130.6 4.51 59.84 
30-45  6.53  131.1  229.1  3.9  31.07 
45-60  0.69  199.4  182.23  3.19  98.7 
Mean  6.94 b 136.4a  180.63a  3.87 b  63.23b 
 
Different letters along the same column indicate significant differences according to 
Least Significant Difference (LSD). 
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4.1.1.12 Cation Exchange Capacity (CEC):  
The Cation Exchange Capacity (CEC) in the soil shows change of 
significant difference along  farms and no significant difference among  
depth (P≤0.05), (Table 4.17, and Fig 4.12), Ibrahim Hakim farm       
recorded the highest value (51.878) and the Ali Yousif farm  lowest value 
(33.300). 
Table 4.17: Mean Cation Exchange Capacity (CEC) value of soil at different 
depths and different farms 
Different letters along the same column indicate significant differences according to 
Least Significant Difference (LSD). 
 
 
 
        Sites 
Depths(cm) 
         H        S         I        A        Y  
0-30 33.93   43.13  55.16ss 32.3  43.1  
30-45  32.16  46  50.16  35.9  45.4 
45-60  33.93 42.3  50.3  31.7  50.5 
Mean  33.34 b 43.82 a  51.87 a  33.30 b 46.33 a 
 Fig (4.12) means of CEC in different sites  
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   4.1.1.13 Exchangeable Sodium Percentage (ESP):  
 Soil Exchangeable Sodium Percentage (ESP) shows no significant 
difference along depths and among farms (P≤0.05), (Table 4.18, and Fig 
4.13), where Safieldin Awad farm recorded highest value (33.8) and Hashim 
Hilal lowest value (14.9). 
Table4.18: Mean exchangeable sodium percentage (ESP) value of soil at 
different depths and different farms 
Different letters along the same column indicate significant differences according to 
Least Significant Difference (LSD). 
 
 
 
 
 
 
 
 
 
 
         Sites 
Depths(cm) 
         H           S          I        A        Y 
0-30 14.7 33.2  27.1  15.5 23.2 
30-45  15.5  32.6  29.9  13.9  22.02 
45-60  14.5  35.5  29.8  16.13  21.6 
Mean 14.9 b  33.8 b  28.9 b  15.2b  22.3 a 
Fig (4.13) means of ESP in different sites
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4.1.1.14 Organic Carbon (O.C) Percentage in different sites and depths : 
Organic carbon (O.C) in the soil shows no significant difference along the 
farms and depths (P ≤ 0.05) in (table 4.19 and Fig 4.14 ) where Hashim Hilal 
farm Recorded highest value (0.2489) and Safieldin Awad  farm lowest 
value (0.2500)  
Table4.19: Mean Organic Carbon percentage (O.C) value of soil at different 
depths and different farms 
Different letters along the same column indicate significant differences according to 
Least Significant Difference (LSD) 
 
 
 
         Sites 
Depths(cm) 
        H        S          I          A          Y  
0-30 0.43 0.29 0.36 0.44  0.33  
30-60 0.71  0.25  0.44  0.36  0.70 
60-90  0.49  0.20  0.37  0.34  0.38 
Mean  0.542 a 0.250 b  0.395 ab  0.381 ab  0.474 ab  
Fig (4.14) means of O.C in different sites  
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4.1.1.15 Organic Matter percentage (O.M) in different sites and depths: 
Organic Matter (O.M) in the soil show no significant difference among the 
farms and depths (P ≤ 0.05) in (table 4.20 and Fig 4.15) where Hashim Hilal 
farm Recorded highest value (0.739) and Safieldin Awad farm lowest value 
(0.430)  
Table4.20: Mean Organic Matter percentage (O.M) value of soil at different 
depths and different farms 
Different letters along the same column indicate significant differences according to 
Least Significant Difference (LSD). 
 
 
 
         Sites 
Depths 
H           S        I         A         Y  
0-30  0.74 0.51  0.63  0.76  0.57  
30-45  0.66  0.44  0.77  0.64  0.52 
45-60  0.84  0.35  0.64  0.59  0.67 
Mean  0.739 a 0.430 a  0.676 a  0.662 a  0.587 a 
   Fig (4.15) means of O.M in different sites  
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4.1.2 Physical characteristics: 
4.1.2.1 Soil texture in different sites and depths: 
The soil texture in the study area ranged between Sandy loam and Silty with 
significant difference along farms, but no significant difference along 
depths, nonetheless the result shows no significant difference in soil texture 
between farms (Table 4.21, and Fig. 4.16) 
Table4.21s: The Soil texture in different sites and depths: 
Sites Soil depth(cm) Sand% Silt% Clay% Soil Texture 
0-30 65.83  13.4 24.16  Sandy loam  
 30-60  64.16  8.4  27.56 Sandy loam  
 60-90  62.5  10.4  26.66 Sandy loam  
Hashim 
Hilal    
Mean 62.50 a  10.84 c  26.11 bc  Sandy loam 
 0-30  45.83 25  29.5  Sandy loam  
 30-60  47.5  19.3  33.2 Sandy loam  
 60-90  50  20.8  29.2 Sandy loam  
Safieldin    
Awad 
Mean 47.78 b 21.73 b 30.50 b Sandy loam 
 0-30 45.83   34.2  20 Sandy loam  
 30-60  39.17  34.2 26.7  Sandy loam  
 60-90  43.33  27.5  25.8 Sandy loam  
Ibrahim 
Hakim   
Mean 42.78 b  31.95 a  42.167 c Sandy loam 
 0-30 63.33  14  25  Sandy loam  
 30-60  67.5  7.5  25  Sandy loam  
 60-90  61.66  11.66  26.7 Sandy loam  
Ali Yousif 
Mean 64.134 a  11.06 c 25.56 bc  Sandy loam 
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 0-30 35  18.3 46.67  Silty loam  
 30-60  26.66   32.5  40.86 Silty loam  
 60-90  30.83  17.5  51.67  Silty loam 
Yousif 
faragalla    
Mean 30..84 c  22.78 b  46.37 a  Silty loam 
Different letters along the same column indicate significant differences according to 
Least Significant Difference (LSD). 
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4.2Water characteristic: 
  Table (4.22): Water, EC,PH, SAR,RSC in farm of the study : 
Table (4.22) shows the water quality in different farms of the study area, the 
EC value  wher recorded the highly value in Ali  Yousif farm (0.832)   and 
lowest in canal (0.144) Fig ( 4.17). 
 
 
 
 
 
 
 
 
 
 
 
 
farm Ec ds/m 
 
PH SAR RSC 
 Ali Yousif farm 0.832 7.8 13.4 0.386 
Safieldin Awad farm 0.466 7.5 4.22 1.583 
Canal 0.144 7.4 0.515 0.944 
Fig (4.17) means of ECe in different sites   
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Table (4.22) shows the  highly value of PH where recorded in Ali Yousif 
farm (7.8) and the lowest in canal (7,4) Fig (4.18) 
 
 
Table (4.22) shows the highly value of SAR where recorded in Ali Yousif 
farm (13.4) and the lowest in canal (0.515) Fig (4.19) 
 
 
 
 
Fig(4.18) means of PH in different sites   
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Table (4.22) shows the  highly value of RSC  where recorded in Safieldin 
Awad farm (1.583) and the lowest in Ali Yousif farm (0.386) Fig (4.20) 
 
 
 
 
 
 
 
 
 
 
 
  
  
 
 
 
 
 
 
Fig (4.20) means of RSC in different sites 
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CHAPTER FIVE 
Discussion 
5.1 Soil characteristics:  
Land use systems could have impact on land degradation indicators for 
example; deterioration of range, forest, biophysical and chemical elements 
of soil water resources and land productivity, etc… 
Soil quality depends on a large number of chemical, physical, biological and 
biochemical properties and its characterization requires selection of the 
properties most sensitive to changes in management and land use pattern 
practices. The capacity of a soil to function within ecosystem is to sustain 
biological productivity, maintain environmental quality including promotion 
of plant and animal condition. However, water deficit is on of the main 
factors behind declining productivity, unsustainable farming and 
development in the areas depending on ground water.  
Analysis of the collected soil samples from the study area showed that 
salinity ranged between 15.16 in Safieldin Awad farm to 0.98 Hashim Hilal 
farm. FAO (2006) reported that ECe <0.75 none saline, ECe 0.72-2 slightly 
saline , ECe 2-4 moderately saline , ECe 4-8 strongly saline , ECe 8-15 very 
strongly saline and ECe >15 extremely saline, The improper methods, 
measures and human activities causes increase of salinity in the soil, and this 
may be attributed to irrigation methods. The results showed that Hashim 
Hilal farms it’s none saline and that may be attributed to the system of 
irrigation used (rain fall). Also Ali Yousif  Farms none saline this may be 
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attributed to the  leaching by the Nile water .The findings reflect strongly 
saline degree (14.36) in Ibrahim Hakim farm and Yousif Faragalla Farm 
(8.86). Extremely saline (15.16) in Safieldin Awad. 
The highest values of pH, SAR, ESP are indicating the increase of sod city 
according to Richards, (1954). The maximum and minimum values ranged 
between (7.63-8.15), (-3) and (14.9-33.8) respectively. The results show the 
increased amount of ESP in Yousif Faragalla farm, may be attributed to the 
increase amount of Residual Sodium Carbonate (RSC), in irrigation water. 
Eaton, (1949) reported that the increased amount of (RSC), in irrigation 
water would accelerate the development of sodic soils.  
Soil texture is one of the most important characteristic which influences the 
physical properties of the soil and has great significance to land use and 
management. The results obtained in this study indicated that the texture of 
study areas ranges between sandy loams to silt loam. Nonetheless it was 
observed that  Yousif faragalla farm showed increase of silt and decrease of 
sand and clay, which indicated that the area of Yousif Faragalla farm 
affected by irrigated method and pattern of land use .    
5.2 Water characteristic: 
5.2.1. Indicators of water quality for irrigation:  
The indicators used for appraising the quality of irrigation water are: 
-The Electrical Conductivity (EC), which is indicative of the salinity hazard, 
-Sodium Adsorption Ratio (SAR), which is indicative of the sod city hazard 
-The Residual Sodium Carbonate (RSC), which is indicative of the 
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carbonate hazard and concentration of phototoxic element, e.g. boron, 
Richards, (1954). 
The low level of EC recorded of water sample collected from the study area 
indicated that the water is highly suitable for irrigation in all farms, where 
the values of EC ranged between (0.83 dS/m - 0.14 dS/m).  Ayers and 
Westcot, (1985) reported that the degree of restriction on use of water for 
irrigation, where the water EC more than 3.0 dS/m defined as a severe 
degree for irrigation, and between 0.7-3 dS/m is a normal range for 
irrigation.  
The water reaction (pH) of the study area ranged from 7.4 to 7.8, alkaline 
Which indicates that the water quality is suitable for irrigation. 
Water Sodium Adsorption Ratio (SAR), is suitable for irrigation in all farms, 
where the values of SAR ranged between (0.52 – 13.4) indicated that the 
water quality is suitable for irrigation. 
The value of water Residual Sodium Carbonate (RSC) obtained from water 
sample of the study area indicated that the water suitable for irrigation 
ranged between (0.39-1.58). Eaton,(1949) reported that if RSC > 2.5 the 
water is unsuitable for irrigation, while 1.25 < RSC > 2.5, it is considered as 
marginal and if RSC < 1.25 it is probably safe for irrigation. 
5.2.2. Indicators of water quality for drinking:  
Drinking water is vital to life if not subject to chemical and microbial 
contamination. Thus it could be a real health hazard.  
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Water is said to be potable when its general physical characteristics are 
acceptable by the average consumer (Hassan,1986).The levels of, 
magnesium, calcium, sulphate, chloride, in the study area are tabulated in 
(Table 5.1). It was observed that the result is with in the permissible range 
recommended by WHO (1984). Moreover, WHO reported that the water 
supply to be used for human or animal drinking should fall in the following 
limits? 
Total dissolved salt              1500 p.p.m 
Sulphates                            750 p.p.m 
Chlorides                            600 p.p.m 
Nitrates as No3                    221 p.p.m 
Fluorides                            2 p.p.m 
Magnesium                         180 p.p.m      
Calcium                              200 p.p.m 
Zinc                                   20 p.p 
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Table (5.1): Water, SO4, CL, Mg, and Ca, in parts per million (ppm) in 
farms of the study area: 
Farm 
Sulphate 
SO4  ppm 
Chloride 
Cl ppm 
Magnesium 
Mg ppm 
Calcium 
Ca ppm 
Ali Yousif farm 755.03 313.8 38.9 20.04 
Safieldin Awad 
farm 
261.8 85.58 40.1 24.04 
Canal 23.05 39.22 13.4 24.04 
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Conclusion and Recommendations 
 
Conclusion: 
The land use practices in the study area consisted of fodder sorghum (Abu 
Sabein) production, in addition to that they cultivate vegetables for sale and 
the other site was buffer zone. 
On the basis of aforementioned findings it is clear that most of the 
desertification factors and indicators of land degradation are prevailing in the 
study area. According to the results of this study .the soil types and land use 
pattern in the area, it can be concluded that the soil is vary from sandy loam 
to silt in most of the area .Removal of vegetation cover led to loss of soil 
organic matter coupled with depletion of fertility, the increasing sand 
encroachment, increase of salinity and sodicity in the area. These 
emphasized land misuse, land management and the human activities in 
addition to climatic variations. 
The increase amount of Residual Sodium Carbonate (RSC) in irrigation 
water in Safieldin Awad farm will accelerate the development of sodic 
pockets in the soil. 
Recommendations: 
• It is recommended to reduce the salinity by construction of effective 
irrigation system that will guarantee the protection from water logging and 
salinization. 
• Introduce deep plough to improve soil physical chemical conditions. 
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• Reduction of sodicity by adding mineral fertilizers such as biological 
compounds, etc…. 
• Introduction of animal in the farms to, benefit from their manure to 
improve soil properties. 
• Establishment of research and training centers in the affected areas in order 
to investigate specific problems and to train local farmers who can takeover 
the farm work to control desertification in their local environment. 
• Implementation of Agenda 21, (Earth Summit) 1992 chapter 12, for 
combating desertification through the specifically following: 
      I- intensified soil conservation, forestation and reforestation actions.  
      II- integration of development programmes for combating desertification 
with in the     National Sustainable development plans 
      III- Preparation of drought preparedness and drought relief schemes. 
       IV- Promotion of popular participation. 
• Application of appropriate techniques such as water conservation and 
water harvesting techniques, during good rainy seasons. 
• Planting of wind breaks and shelter belts. 
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Appendix (1): Soil pH ANOVA: 
Source of 
variation 
Degree of 
freedom 
Sum of squares 
(S2) 
Mean square (M.S) F. value Pr > F 
Block 14 3.0057 0.2146 3.44 0.002 
Treatment 4 1.8591 0.4647 7.44 0.0003 
Error 30 1.8733 0.0624   
Total 44 4.7891    
Appendix (2): Soil ECe ANOVA: 
Source of 
variation 
Degree of 
freedom 
Sum of squares 
(S2) 
Mean square (M.S) F. value Pr > F 
Block 14 6.867 0.4905 1.12 0.3785 
Treatment 4 4.843 1.2109 2.77 0.0450 
Error 30 13.096 0.4365   
Total 44 19.963    
Appendix (3): Soil Na ANOVA: 
Source of 
variation 
Degree of 
freedom 
Sum of squares (S2) Mean square (M.S) F. value Pr > F 
Block 14 13638988.176 1167070.584 0.96 0.5144 
Treatment 4 4077471.986 1019367.996 0.84 0.5126 
Error 30 36539754.307 1217991.810   
Total 44 52878742.843    
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Appendix (4): Soil Mg ANOVA: 
Source of 
variation 
Degree of 
freedom 
Sum of squares 
(S2) 
Mean square (M.S) F. value Pr > F 
Block 14 262.0391 18.717 0.89 0.5725 
Treatment 4 53.4257 13.653 0.64 0.3691 
Error 30 227.600 20.920   
Total 44 889.639    
Appendix (5): Soil Ca ANOVA: 
Source of 
variation 
Degree of 
freedom 
Sum of squares 
(S2) 
Mean square (M.S) F. value Pr > F 
Block 14 1209.4880 86.392 4.82 0.0001 
Treatment 4 844.216 211.054 11.77 0.0001 
Error 30 537.840 17.9280   
Total 44 1747.328    
Appendix (6): Soil K ANOVA: 
Source of 
variation 
Degree of 
freedom 
Sum of squares 
(S2) 
Mean square (M.S) F. value Pr > F 
Block 14 8043.53380 574.5381 1.00 0.4787 
Treatment 4 2289.8120 572.4530 1.00 0.4254 
Error 30 17255.290 575.1763   
Total 44 25298.8238    
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Appendix (7): Soil SAR ANOVA: 
Source of 
variation 
Degree of 
freedom 
Sum of squares 
(S2) 
Mean square (M.S) F. value Pr > F 
Block 14 500002861.48 35714490.11 1.00 0.4810 
Treatment 4 141612944.30 35403236.08 0.99 0.4293 
Error 30 1075531640.97 35851054.70   
Total 44 1575534502.45    
Appendix (8): Soil Cl ANOVA: 
Source of 
variation 
Degree of 
freedom 
Sum of squares 
(S2) 
Mean square (M.S) F. value Pr > F 
Block 14 342.92745778 24.49481 3.10 0.0046 
Treatment 4 322.378702 80.59467 10.19 0.0001 
Error 30 237.25726667 7.90857556   
Total 44 580.184724    
Appendix (9): Soil  CO2 ANOVA: 
Source of 
variation 
Degree of 
freedom 
Sum of squares 
(S2) 
Mean square (M.S) F. value Pr > F 
Block 14 8.2724 0.590 2.04 0.0502 
Treatment 4 4.3502 1.0875 3.75 0.0137 
Error 30 8.7066 0.2902   
Total 44 16.9791    
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Appendix (10): Soil HCO3 ANOVA: 
Source of 
variation 
Degree of 
freedom 
Sum of squares 
(S2) 
Mean square (M.S) F. value Pr > F 
Block 14 45.14577778 3.22469841 0.59 0.4568 
Treatment 4 20.4724 5.1181 0.94 0.8520 
Error 30 164.14666 5.4715   
Total 44 209.2924    
Appendix (11): Soil SO4 ANOVA: 
Source of 
variation 
Degree of 
freedom 
Sum of squares 
(S2) 
Mean square (M.S) F. value Pr > F 
Block 14 280774.83618 20055.34544 2.83 0.0082 
Treatment 4 250055.84758 62513.96190 8.82 0.0001 
Error 30 212593.50833 7086.45082   
Total 44 493368.3445    
Appendix (12): Soil CEC ANOVA: 
Source of 
variation 
Degree of 
freedom 
Sum of squares 
(S2) 
Mean square (M.S) F. value Pr > F 
Block 14 2623.6164 187.4011746 1.93 0.0646 
Treatment 4 2429.3497778 607.3374 6.24 0.0009 
Error 30 2918.1916667 97.2730556   
Total 44 5541.808111    
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Appendix (13): Soil ESP ANOVA: 
Source of 
variation 
Degree of 
freedom 
Sum of squares 
(S2) 
Mean square (M.S) F. value Pr > F 
Block 14 1329.4395200 94.959657 0.80 0.6644 
Treatment 4 1202.4383422 300.6095856 2.53 0.6014 
Error 30 3570.298200 119.0099400   
Total 44 4899.7377200    
Appendix (14): Soil O.C ANOVA: 
Source of 
variation 
Degree of 
freedom 
Sum of squares 
(S2) 
Mean square (M.S) F. value Pr > F 
Block 14 0.85441654 0.06102969 1.02 0.4579 
Treatment 4 0.43495876 0.10873969 1.82 0.1504 
Error 30 1.78909067 0.05963636   
Total 44 2.64350631    
Appendix (15): Soil O.M ANOVA: 
Source of 
variation 
Degree of 
freedom 
Sum of squares 
(S2) 
Mean square (M.S) F. value Pr > F 
Block 14 0.70969764 0.05069269 0.48 0.9259 
Treatment 4 0.50615364 0.12653841 1.20 0.3314 
Error 30 3.16430933 0.10547698   
Total 44 3.87400698    
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Appendix (16): Soil Sand ANOVA: 
Source of 
variation 
Degree of 
freedom 
Sum of squares 
(S2) 
Mean square (M.S) F. value Pr > F 
Block 14 7287.0724444 520.5051746 12.96  
Treatment 4 7017.1080000 1754.2770000 43.68  
Error 30 1204.7266667 40.1575556   
Total 44 8491.7991111    
Appendix (17): Soil Silt ANOVA: 
   Source of 
variation 
Degree of 
freedom 
Sum of squares 
(S2) 
Mean square (M.S) F. value Pr > F 
Block 14 3521.000000 251.50000000 3.62 0.0015 
Treatment 4 2851.222222 712.86111111 10.25 0.0001 
Error 30 2087.000000 69.05666667   
Total 44 5608.000000    
Appendix (18): Soil Clay ANOVA: 
Source of 
variation 
Degree of 
freedom 
Sum of squares 
(S2) 
Mean square (M.S) F. value Pr > F 
Block 14 3331.1413333 237.9386667 6.53 0.0001 
Treatment 4 3020.0768889 755.0192222 20.73 0.0001 
Error 30 1092.5266667 36.4175556   
Total 44 4423.6680000    
 
